Introduction
The processes by which polarized cells establish and maintain polarity of membrane proteins in certain domains of their plasma membranes has been investigated in various cell types, often in epithehal cells, which typically maintain a basolateral membrane domain with proteins distinct from those in the apical domain (Simons and Fuller, 1985) . The vertebrate photoreceptor is another cell type that demonstrates a high degree of polarity and has been a useful systern for investigation of distribution of opsin to the outer segment (Papermaster et al., 1986; Nir et a)., 1984) and synaptophysin to the synaptic terminal (Schmied and Holtzman, 1989) . Determination ofthe distribution ofNa,K-adenosine triphosphatase (Na,K-ATPase) in the retinal photoreceptor is an important step not only in discerning the site of the sodium pump, which maintains the dark current of vision, but also in evaluating the mechanisms of achieving and maintaining polarity of plasma membrane proteins in their functional sites in these highly polarized neurons.
The enzyme is composed of an a-subunit (111 KD) and a n-subunit (55 KD). Three isoforms of the catalytic a-subunit of Na,K-ATPase (reviewed in Sweadner, 1989; Herrera et al., 1987; Shull et al., 1986) Rat. Ct al., 1989; Mercer et al., 1986) have been identified by cDNA cloning.
The al mRNA has been found in all animal tissues exammed but is particularly prominent in kidney. The a2 mRNA has been reported in brain and muscle, and a3 transcripts have been detected in brain and fetal heart(Hsu and Guidotxi, 1989; Schneider et al., 1988; Herrera et al., 1987; Young and Lingrel, 1987) . The (31-subunit rnRNA has been detected in many tissues, including kidney, brain, and adrenal gland (Martin-Vasallo et al., 1989) .
mRNA transcripts corresponding to the recently described (32 cDNA have been reported in bladder, spleen, retina, and brain (Schneider and Kraig, 1990; Shyjan et al., 1990b; Martin-Vasallo et al., 1989) .
The (32 protein has been detected in brain and pineal gland (Shyjan et al., 1990a) . The (32-subunit is the same as the adhesion molecule on glia (AMOG) described by Antonicek et al. (1987) . 
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anti-32 control immunocytochemically in retina. We investigated the distribution of the (32-subunit  in the photoreceptor  to determine  whether  it  co-localized  with the a3 subunit  or ifit also had an additional  distribution  suggestive  of an adhesive  function,  as reported  for glial cells (Gloor et al., 1990; Antonicek et al., 1987) .
Materials and Methods
Isoforin-specific Antibodies. Maidstone, UK) as described previously (Schneider and Kraig, 1990) .
Antibodies
Against Axolemmal Na,K-ATPase. Antiserum Ax2 (formerly called A2) was raised against Na,K-ATPase from rat brain a.xolemma, which is a rich source of a+ (a2 and/or a3 isoforms) and will be called antiaxolemmal Na,K-ATPase hereafter (Sweadner and Gilkeson, 1985) . This antibody reacts with both a2 and a3 isoforms (Maureen Gilmore-Hebert, Yale University, personal communication). Although the anti-axolemmal ATPase does not distinguish a2 from a3 polypeptides, we expect that in the retina the antibody is binding mainly to the a3 isoform, since photoreceptors contain very little detectable a2 mRNA or protein (Schneider and Kraig, 1990) . Ax2 has the advantage of recognizing its antigenic determinants in glutaraldehyde-fixed tissues. IgG fractions were isolated from rabbit antisera and from control normal rabbit serum by ion-exchange chromatography on diethylaminoethyl cellulose and were adsorbed with punfled bovine brain microtubules as previously described (Schneider and Kraig, 1990) , to remove a contaminant that appeared to be anti-tubulin. The antiaxolemmal ATPase was additionally adsorbed with kidney microsomes as described by Sweadnen and Gilkeson (1985) . This antibody was a gift of Kathleen Sweadner (Massachusetts General Hospital, Boston, MA).
Immunoblots.
Kidney. brain, and retinal microsomes and isolated photoreceptors were analyzed on 10% polyacrylamide gels, which were blotted as described previously (Schneider and Kraig, 1990) . Blots were labeled with IgG fractions ofanti-31 and anti-(32 antibodies, used at 5 and 3 sg/ml, 
Results
Immunoblots
We investigated the distribution of (31 and (32 isoforms by applying specific antibodies to blots of kidney, photoreceptors, retina, and brain membranes. As expected, anti-(31 detected its antigen abundantly in kidney. In this tissue, the anti-fM antibody labeled Equal amounts of protein were I loaded onthe gels. The faint bands labeled by anti-1 in photoreceptors and retina have I a higher mobility than the broad band Iabaled by this antibody in kidney. The anti-12 antibody heavily labeled a band at 46-50 KDin photoreceptors and retina, which has slightly slower mobility than the band Iabaled in brain. The control shown was a preimmune lgG for anti-l2. The inner segment (IS) plasma membrane between the base of the oonnecting cilium and outer limiting membrane has the highest labeling density. Outer segments (OS) and connecting cilia (C) were unlabeled. Bound antibodies were detected with biotinyl sheep anti-rabbitlgG and streptavidin gold(arrow). The epitopes recognized by Ax2 survive glutaraldehydefixation. (B)Anti-132 antibody bound to the inner segment (IS) plasma membrane (arrow) of a photoreceptor. The labeling pattern was the same as obtained with anti-u3 and with the anti-axolemmal ATPase. The anti-32 antibody readily recognized its antigen in PLP-fixed tissue. Bound antibodies were revealed by goat-rabbit lgG-gold (10 nm). (C) Non-immune lgG does not label the photoreceptor significantly.
Detecting reagents were the same as in A. Original magnifications: A,B x 33 000; C x 20,000. Bars -0.5 sm.
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Immunocytochemistry
To see how the distribution of the isoform compared with that of the a3 isoform known to be abundant in photoreceptors (Schneider and Kraig, 1990) , we used electron microscopic immunocytochemistry and isoform-specific antibodies. Antibody Ax2 ( Figure  2A) and anti-a3 (Schneider and Kraig, 1990)( Figure  5A ) bound to the inner segment plasma membrane between the base ofthe connecting cilium and the outer limiting membrane.
Anti-(32 bound in the same pattern ( Figure  2B ). The retina was unlabeled by normal IgG used as a control ( Figure  2C ). Labeling densities with anti-a3, Figure  5A ) was lightly labeled by the anti-a3 antibody.
The anti-(31 antibody bound to photoreceptors at background levels ( Figure  5B ), although it readily detected its antigen in basolateral membranes ofdistal kidney tubules ( Figure   6A ). ;: .#{149} .:?. ::.i t:_.
-.
' ::#{149} .,:.
.
#{149} e:
: : #{149}., tor is that the Na,K-ATPase is present there in greatest concentration. This is also the most likely interpretation, since studies employing radiolabeled ouabain, which reports active enzyme, also detect highest levels oflabel in the upper portion of the inner segment region, with little or no label on the outer segments (Stirling and Sarthy, 1985; Stirling and Lee, 1980; Bok and Filerman, 1979) . The results presented here are consistent with previous localizations of Na,K-ATPase which detected either the holoenzyme or the a-subunit at high concentrations in the inner segment, but these earlier studies either lacked reagents specific for the various isoforms or were conducted at the light microscopic level (Yazulla and Studholme, 1987; McGrail and Sweadner, 1986; Stirling and Sarthy, 1985; Stahl and Baskin, 1984; Stirling and Lee, 1980; Ueno et al., 1980) . McGrail and Sweadner (1989) et al. , 1989; Mar and Wight, 1988; Kashgarian et al., 1985; Baskin and Stahl, 1982; Louyard, 1980; Kyte, 1976 et al., 1990; Morrow et al., 1989; Nelson and Hammerton, 1989; Nelson and Veshnock, 1987) . However, in photoreceptors, ankyrin appears to be in an inappropriate position to serve this function (Drenckhahn and Bennett, 1987 
